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Figure 4. Demonstration Home - First Floor
(Note: Refrigerant lines may be run outside q in basement)
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Figure 5. Demonstration llome - Second Floor
(Note: Refrigerant Lines may be ruo outside a in walls.)
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RECOMMENDATIONS

Recommendations based on the information collected under this project can be classified into
three categories:

DESIGN MODIFICATIONS

Modin' ductless units to permit their instalLation in walls or ceilings and to allow the units to
serve two or nnre rooms with similar ime-demand patterns. Currently available indoor units
provide much higher-capacity heating/cooling service than that required of many rooms in a

typical house. If a single unit could serye more than one room, the number of units could be

decreased to create a better match between loads and units. Combining rooms for one unit may
also alleviate home owners' potential objections to ttre aesthetics of ductless systems since the
units could then be recessed into the wall or ceiling.

Develop systems that will run multiple indoor units on one compressor. Currently, each indoor
unit is matched to its own compressor, i.e., three indoor units require three outdoor compressors.
Reducing the number of compressors should decrease the cost of ductless systems.

lf a constant-volume compressor is used to serve multiple indoor units, the capacity of each coil
will be less than the capacity of any single coil when it is the only coil in operation. When one
zone load is met, the coil will turn off and the capacity of the coils in the still unsatisfied zones
will increase. The individual indoor coils will respond to partial load conditions by maintaining
a constant sensible capacity while increasing the latent capacity. Therefore the sensible heat ratio
of the active coils decreases at partial load conditions. This decrease allows the sensible heat
ratio of the active coils to match the sensible heat ratio of the building, which helps control
humidity in the home.

Multiple coils on one compressor will increase system efficiency as more units become active.
According to the NAECA regulations, the SEER of a system might fall below the acceptable
minimum if a multi-zone system is evaluated in terms of each individual unit's operation.

Develop the use of variable-flow compressors with multiple indoor coils. The use of variable-
flow compressors will correct the efficiency restriction associated with constant-volume
compressors and multiple indoor coils. The compressor will supply the exact amount of
refrigerant needed to meet the current load within individual zones, thereby keeping the efficiency
constant at partial load conditions.

COST REDUCTION MEASURES

Eliminate nonessential components. Many currently available ductless units feature advanced
electronic controls that increase the cost of the systems. One manufacturer offers a unit with 22

different functions. By simplifying the electronic controls, the cost of the units will decrease.

Many manufacturers contacted in this study expressed reluctance to simplify their controls. They
feared that simplification would represent a departure from the state of the aft.
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Recommendations

Modify the housings used on indoor units. Many ductless units use expensive plastic housings.
When units are designed to be recessed into the wall and ceiling, less of the unit will be exposed
to aesthetic scrutiny. The expensive housings can then be replaced by less expensive types of
plastic or metal.

Examine hybrid systems. A system that combines ductless systems with parts of the ducted
system may be the most cost-effective system. For example, it may be possible to install short
lengths of ducts from currently operating indoor units to an adjacent room or zone that has a
time-demand pattern similar to that of the room that houses the indoor unit.

FUTURE STUDIES

Demonstration of ductless technologies in a home. The demonstration house will provide an

opportunity to monitor occupant comfort and energy consumption. Full comfort and energy
studies will be conducted to examine the viability of ductless systems in residences.

Work with m.anufacturers to mnke ductless systems m.ore compatible with homes. It is important
to work with manufacturers to reduce the up-front costs associated with ductless systems. There
is also the opportunity to look at foreign markets to learn what makes ductless HVAC systems
popular in those markets.
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CONCLUSIONS

Ductless systems have the capability to be more energy-efficient than conventional systems.
They offer an easy method of zonal distribution in a house. Ductless systems also permit home
owners to set their own operating schedules by controlling setup and setback strategies.

From a fust cost standpoint, the use of ductless systems in their present form may be justified
in some new constnrction depending on the house layout and number of zones. The cost of
ductless systems will, however, decrease as demand increases, and sales will increase if ductless
system manufacturers create and market a ductless system that is compatible with home
construction. As sales increase, the market will become more viable and the cost of the system
should decrease.

By reducing the first costs, ductless systems can become a more viable alternative in new
residential housing. To achieve this objective, manufacturers need to change their marketing
focus. They also need to implement new designs or even introduce designs used in ottrer
countries. Phase II of this project calls for Research Center personnel to work with
manufacturers to develop and test lower-cost systems.

o

o
29



a

o

o

o

o

o

o

o

o

o

t0

12.

I

REFERENCES

J.D. Ned Nisson. "Ductless Heating and Cooling--Zoning with the Minisplits," Energy
Design Update (September l99l): 6-14.

Hane, A.M. "Ductless Splits Fill Growing Commercial Niche," Engineered Systems, Vol.
9, No. 4 (May 1992).

Saunders, D.H., T. M. Kenney, and W. W. Bassett. "Evaluation of the Forced-Air
Distribution Effectiveness in Two Research Houses," ASHRAE Transactions 99( 1) (1992).

Orlando, J. A. and M. G. Gamze. Analysis of Residential Duct Losses, Final Report.
GRI-79/0037. Gas Research Institute. Chicago, IL (1980).

Modera, M.P. "Residential Duct System Leakage: Magnitude, Impacts, and Potential for
Reduction," ASHRAE Transactions 95(2) ( 1989).

Cummings, J.B. and J.J. Tooley. "Infiltration and Pressure Differences Induced by Forced
Air Systems in Florida Residences," ASI/R,{E Transactions 95(2) (1989).

Robison, D.H. and L.A. Lambert. "Field investigation of residential infiltration and
heating duct leakage," ASHRAE Transactions 95(2) (1989).

Lambert, L.A. and D.H. Robison. "Effects of ducted forced air heating systems on
residential air leakage and heating use," ASIIRAE Transactions 95(2) (1989).

Daikin U.S. Corporation Report to the Califurnia Energy Commission, Daikin Reference
BJS-727 (September 7, 1984).

2.

3

4.

5.

6.

8.

9

7

Air-Conditioning and Refrigeration Institute. Directory of Certified Unitary Air-
Conditioners, Unitary Air Source Heat Pumps, Sound Rated Outdoor Unitary Equipment.
Arlington, VA (Effective February l, 1993 - JuIy 31, 1993).

l1 Council of American Building Officials. Model Energy Code. Falls Church, VA
(r992ed).

American Society of Heating, Refrigerating, and Air Conditioning Engineers. Energy
Conservation in New Building Design. ANSI/ASHRAUIES 90A. Atlanta, GA (1980).

13 California Energy Commission. Building Energy Efficiency Snndards. Sacramento, CA
( l e88).

14. R.S. Means Company, [nc. Means Residential Cost Data. Kingston, MA (1992).

American Society of Testing and Materials. Standard Practice for Measuing Life Cycle
Costs of Buildings and Building Systems, Designation E917-89. Philadelphia, PA (1989).

a

15.

31



References

16. Affordable Housing Through Energy Conservation, U.S. Department of Energy . Program

for Energy Analysis in Residences, DOEISF/00098-H3, 3 volumes. Washington, DC
(June 1989).

(

a

a

a

o

a

o

o

o

a
92



o

a

o

o

O

o

o

o

O

o

Appendix A
PEAR ANALYSIS

Program for Energy Analysis of Residences (PEAR) was developed as an integral part of
Affordable Housing Through Energy Conservation: A Guide to Designing and Constructing
Energy-Efficient Homes.' The PEAR guidelines provide a way to evaluate various energy
conservation methods based on energy consumption. They also provide a method for comparing
the energy and cost savings of different scenarios at one time by using a 45-city data base
developed in simulations based on the DOE-2 computer program. Five prototype buildings are
included in the program: a one-story dwelling, two-story dwelling, split-level dwelling, middle-
unit townhouse, and end-unit townhouse. Other options include combinations of ceiling, wall,
and foundation insulation; windows; and infiltration rates. Foundation options include slab-on-
grade, crawl space, and heated and unheated basements.

Standard building operation was modeled, including internal loads and occupancy schedules. A
schedule was also developed for the summer to use natural venting when feasible to remove
excess heat. The program computes a building's energy consumption by simulating the
building's hour-by-hour performance for each of the 8,760 hours in a year.

A 1,200-square-foot one-story house was selected for analysis, the foundation varied in
accordance with the predominate foundation type in the region of the selected city. PEAR
specifies the typical construction for each region. The input for the ceilings is the nominal R-
value of the insulation only. The program assumes 2x6 Z4-inch on center (o.c.) ceiling
construction with an attic. The walls are handled in the same way except for a nominal R-value
of the insulation with 2x4 l6-inch o.c. light weight wall construction. The foundation insulation
was selected to minimize differences in foundations and to depict typical construction. For the
ventilated crawl space and basement, a floor construction of 2xl0 24-inch o.c. was used. The
insulation for the ceilings and walls was kept constant regardless of foundation type. The
windows in the house are standard l/8-inch glass with a l/4-inch air gap for double pane. The
sash is aluminum with thermal breaks. The infiltration input is that for the average number of
air changes per hour during the winter months. Table A-1 shows the inputs for the house

characteristics. The inputs demonstrate typical construction practices and were kept constant for
all sites to minimize any discrepancies.

The evaluation used an electric heat pump for both cooling and heating and a gas furnace for
heating with an electric condenser for cooling. For the equipment efficiency, the NAECA mini-
mum was selected. PEAR accepts only one value for efficiency; it must be a system efficiency
that incorporates duct losses where applicable. The duct losses were assumed to be 10 percent
of the energy received. The ductless system was modeled by using the heat pump setting, but
the duct loss was not incorporated into the efficiency, and the system was derived 10 percent
more efficient due to zoning. The overall difference in delivered efficiency between the two
systems was 20 percent. This was true for all cases since the basement was unconditioned.

'Applied Science Division, Lawrence Berkeley Laboratory, University of California- Affordable Housing
Through Energy Conservation--A Guide to Designing and Constructing Energy Eficient Homes. U.S. Department
of Energy Contract No. DE-ACO3-76SF-00098 (June 1989).
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Appendix A: PEAR Analysis o

Table A-l
GENERAL INPUT

State
City

Prototype
Foundation Type

IS
SIab, Basement, Ventilated Crawl Space

Floor Area
Wall Perimeter
Gross Wall Area

1,200 Square Feet
138 Feet
1,328 Square Feet

North Window Area
South Window Area
East Window Area
West Window Area

35 Square Feet
35 Square Feet
20 Square Feet
l0 Square Feet

CONSERVATION MEASURES

Ceiling Insulation
Roof Color

30.0 R-Value
Dark

Wall Insulation
Wall Mass Location

13.0 R-Value
None

Foundation Insulation
Floor Insulation

R5-2, Rl0-8, None
0,0, R-19 R-Value

Window Layers
Window Sash Type
Window Glass Type
Window Movable Insulation

2 Pane
Aluminum with Thermal Breaks
Regular
None

Infiltration 0.5AC/hr

EQUIPMENT

Heating Equipment Heat Pump-6.1 HSPF, Ductless-7.S HSPF
Gas Furnace--8O percent

Efficiency
Night Setback No

Cooling Equipment
Effrciency

HP (ductless)
9.0 SEER (ll.G-zoning)

APPLIANCES

Donrestic Hot Water
Typ"
Yearly Electric Consumption Rating
Conservation Option

Electric, Gas

$235, 130
None

Refrigerator
Yearly Electric Consumption Rating $60

Dishwasher
Yearly Consumption Rating
Loads/Week

$70(electric), $30(gas)
5

Clothes Washer
Yearly Consumption Rating
Load.VWeek
Reference Electric Price
Reference Gas Price

$80(electric), $35(gas)
4
0.0779 $/KWh
0.595 $/rh

Economics
Capital Cost
Lifetirne
Escalation Rate
Discount Rate
Interest Rate on Loan
Loan Period

HP
3,000
l5

MS
ilooo

GF
6,500
15l5

5.j%o
l0.jVo
l0.jVo
30 years
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Appendix A: PEAR Analysis

PEAR aggregate the heating and cooling costs and displays them as an HVAC cost, which is the
annual operating cost of the system. The program's default electric and gas prices were chosen
for the evaluation and were kept constant to provide a better comparison between systems' and
cities' energy consumption. The author of PEAR recognizes that utility costs vary with location.

The life-cycle cost of. operating a building under different economic constraints can strongly
influence basic design decisions. The reason is that energy consumption is also affected by the
operation of primary and secondary HVAC, and the type and efficiency of the equipment. Table
A-2 shows the results of the PEAR analysis of annual energy consumption for six U.S. cities.
The cities were selected to offer a broad range of environments in the United States. A duct loss
of 10 percent of the energy was assumed, while zoning was assumed to save l0 percent of
energy. The thermostat settings for PEAR were 70oF for heating and 78oF for cooling, which
were incorporated into the HSPF and SEER of the heat pump unis. The gas furnace was
included in the analysis for areas where basements are prevalent. The simple payback for both
the ductless system and the gas furnace was based on the cost difference between a conventional
heat pump system and the comparison system.

Table A-2
ANNUAL ENERGY COSTS (Dollars)

HP MS

355.3

500.s

375.9

227.2

57r.2

388.7

GF

Atlanta-slab

Washington--basement

Tampa--slab

San Francisco--slab

Philadelphia--basement

Houston--slab

428.7

fi9.2
455

272.1

696.6

470.5

420.4

455.2

Simple Payback (Base Case (HP)) (years)

Atlanta

Washington

Tanpa

San Francisco

Philadelphia

Houston

MS

68.2

46.0

63.2

I11.3

39.9

61.1

GF

34.4

26.9

l. Heat hmp-HP
2. Mini-Split--MS
3. Gas Furnace--GF

o
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Appendix B

RIGHT.J SHORT FORMs/N 480

lob #: 406

For: DemonstrationHouse

Baltimore, MD

By:

HEATING EQUIPMENT

Make
Model
Type
Efficiency/HSPF
Heating Input
Heating Output
Heating Temp Rise
Actual Heating Fan
Htg Air Flow Factor

Space Themrostat

t2-t-92

0.0
0 Bhrh
0 Btuh
0DegF

478 CFM
0.M8 CFMlBtuh

Consr Quality a
# of Fireplaces 0

Htg Clg

Outside db 13

Inside db 70
Design TD 57
Daily Range
Inside Humid. -
Grains Water

COOLING EQUIPMENT

Make
Model
Type
COP/EER/SEER
Sensible Cooling
Latent Cooling
Total Cooling
Actual Cooling Fan
Clg Air Flow Factor

Load Sensible Heat Ratio 83

9l
't5
l6
M
50
42

0.0
0 Burh
O Bfuh
0DegF

478 CFM
0.02 CFM/Btuh

ROOM NAME AREA
SQ.FT

HTG
BTUH

CLG
BTUH

HTG
CFM

CLG
CFM

o 252
3U
216
108
t22
39

5,005
5,788
4,731
2,250
1,698

277

2,083
3,263
2,172
1,517

832
123

Living Room
Dining/lCtchen
Master Bedroom
Bedroom I
Bedroom 2
Bathroom

t2t
t40
t14
54
4t
7

100
156
104
73
40
6

o
Entire House
Ventilation Air
Latent Cooling

1,060 19,749
0

9,989

2,022

478 478
0

TOTALS 1,060 19,749 12,012 478 478
o

O

o
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Appendix B: RightJ o

s/N 480

Job #: M06

For: DemonstrationHouse

Baltimore, MD

By:

T{EATING EQUIPMENT

Make
Model
Type
Efficiency/HSPF
Heating Input
Heating Output
Heating Temp Rise
Acural Heating Fan
Htg Air Flow Factor

Space Themrostat

RIGHT.J SHORT FORM 07-15-92

0.0
0 Btuh
0 Bruh
0DegF

375 CFM
0.043 CFM/Btuh

Htg Clg o

o

o

Outside db
Inside db
Design TD
Daily Range
Inside Humid.
Grains Water

t4
60

v

90
85
5

M
50
37

Consr Quality b
# of Fireplaces 0

0.0
0 Btuh
0 Bnlh
0DegF

375 CFM
0.017 CFM/Btuh

COOLING EQUIPMENT

Make
Model
Type
COP/EER/SEER
Sensible Cooling
Latent Cooling
Total Cooling
Actual Cooling Fan
Clg Air Flow Factor

Load Sensible Heat Ratio 83

o

o
ROOM NAME AREA

sQ.Fr.
HTG
BTUH

CLG
BTUH

HTG
CFM

CLG
CFM

Living Room
Dining/IGtchen
Bedroom I
Bedroom 2
Bedroom 3

205
252
158
98
t2l

7,743
5,689
3,888
1,918
3,235

2,L80
3,093
1,684

460
l,u9

94
134
73
20
54

t29
95
65
32
54

o

Entire House
Ventilation Air
Latent Cooting

834 22,473 8,665

4,982

375 375
00

O

TOTALS 834 22,473 13,&7 375 375

o
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Appendix C
TIIERMAL COMFORT TESTING

The thermal performance of an occupied space is determined by the design and construction of
the space as well as by the HVAC system and corresponding controls used to condition the
space. Just as poor construction practices or design can lead to uncomfortable conditions within
a building, a poorly performing thermostat may allow the temperature in the controlled space to
fall below the desired set point, causing a well-designed HVAC system to perform inadequately.
Alternatively, good building design and construction combined with a good HVAC control
system may be able to reduce energy consumption and HVAC operating costs.

Thermal comfort has been defined by the American Society of Heating, Refrigeration and Air
Conditioning Engineers (ASHRAE) as "that condition of mind which expresses satisfaction with
the thermal environment." This condition of comfort is dependent on the following
environmental and personal factors, which, when combined in varying magnitudes, determine an
individual's thermal comfort level acceptance.cr

Dry-Bulb Temperature (Too). Dry-bulb temperature is the simplest practical index of
cold and warmth under ordinary room conditions. It is a measure of room temperature
on a standard scale without the effect of direct radiation.

Mean Radiant Temperature (T*). Mean radiant t€mperaturo is the uniform black body
surface temperature with which a person (also assumed a black body) exchanges the same
heat by radiation as in the actual environment.

Relative Humidity (RII). Relative humidity is the ratio of the mol fraction of water
vapor present in air to the mol fraction of water vapor present in saturated air at the same

temperature and barometric temperature.

Room Air Velocity. Room air velocity is air movement in an occupied zone. At low
air movement, it is difficult to distinguish between air movement resulting from free and
forced convection and that caused by body movements.

Activity Level (metabolism). The metabolic rate is the internal body heat created by
energy released in the human body per unit of time. Metabolism is what makes comfort
a function of the individual. Metabolism is measured in mets where 1 MET = 18.4

Bru/hr*ff.

Clothing Level (CLO). Clothing, because of its insulation value, is an important
modifier of body heat loss and comfort. Clothings thermal resistance is measured in
CLOs where 1 CLO = 0.88 ft2 hF/Btu. Typicat winter indoor clothing levels have a CLO
of approximately 1.0 whereas typical summer indoor clothing levels have a CLO of
approximately 0.5.

Due to differences in individual metabolism and preferences, it is impossible to create a thermal
environment that will satisfy everyone simultaneously. The objective of most thermal comfort
research has been to identify conditions that result in thermal comfort for the highest possible

5
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Appendix C: Thermal Comfort Testing

percent of a group. Comfort conditions are said to be met when 80 percent of a given population
is satisfied with the thermal comfort environment.r

The most widely accepted studies on the characterization of thermal comfort have been conducted
by Professor P.O. Fanger of Denmark and by Kansas State University (KSU) for ASHRAE.
These studies define indices that characteize the thermal comfort zone in terrns derived ftom the
aforem entioned environme ntal and personal factors.c2

The Institute for Environmental Research at KSU, under ASHRAE contracts, has conducted
extensive research into thermal comfort for clothed sedentary subjects. Studies on 1,600 college-
age students showed statistical correlations between comfort level, temperature, humidity, sex,
and length of exposure. Elderly subjects exposed to the ttrermal conditions of the KSU-ASHRAE
envelope had responses nearly identical to those of college-age subjects. Fanger found no
significant difference between the preferred temperature of younger (mean age 23 years) and
elderly (mean age 68 years) subjecs. Comfort conditions are also independent of the time of day
or night. Fanger also found that although each individual was highly consistent in thermal
preference from day to day, preferences differed considerably betrveen individuals.

ln the Fanger studies, sedentary subjects in Denmark were subjected to a range of stable thermal
conditions in which all six personal and environmental parirmeters were varied during the course
of the experiment. Each person was asked to rate his or her comfort level according to a seven-
point psychophysical scale. The scale ranged from -3 (cold) to +3 (hot), with 0 representing
thermal neutrality. By averaging the comfort levels across the test subjects, a Predicted Mean
Vote (PMV) was determined for each set of conditons. In addition, the data were used to predict
the percent of the population that would be dissatisfied with the thermal environment. The
Predicted Percentage of Dissatisfied (PPD) is a nomogram of the percent of the t€st subjects
voting -3, -2, -1, 0, +1, +2 or +3 under each thermal condition. The PPD will never fall below
5 percent, even when the PMV is 0 because there is no thermal condition under which all
subjects are comfortable.2

An iterative thermal comfort equation developed by Fanger calculates the PMV and PPD for a

range of activity and clothing levels for various combinations of air temperature, mean radiant
temperature, relative humidity, and air velocity.

The PMV and PPD indices express warm and cool discomfort for the body as a whole, although
thermal dissatisfaction may also be caused by unwanted heating or cooling of one particular part
of the body (local discomfort). This can be caused by an abnormally high vertical air
temperature difference between the head and ankles, which is created by a warm or cool floor
an unacceptably high room air velocity. Guidelines for some of the more important parameters

required to maintain local thermal comfort given varying personal factors are as followsc3:

The room air temperature should remain between 68oF and 74.8"F during winter months
and between 73oF and 79oF during summer months.

The vertical temperature difference between 4 inches above the floor and 43 inches above
the floor (for seated individual) and 67 inches above the floor (for standing individuals)
should be less than 5.4oF.
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Appendix C: Thermal Comfort Testing

4.

5

o

o

o

o

o

o

3. Floor temperature should remain between 65oF and 84oF

Mean room air velocity should remain at less than 30 ftlmin during winter months and
at less than 49 ftlmin during summer months.

Indoor humidity limits are broad as long as the humidity levels do not affect indoor air
quality. Suggested indoor humidity levels are approximately 30 to 70 percent RH during
winter months and 25 to 60 percent RH during summer months.l

Temperature drifts and ramps are steady, noncyclical temperature changes. Drifts refer
to passive temperature changes, while ramps refer to actively controlled temperature
changes. Slow rates of operating temperature change (about 1"F/hr) during the occupied
period are considered acceptable, provided that the temperature during a drift or ramp
does not range beyond the comfort zone by more than loF for longer than an hour. If the
peak variation in operating temperature exceeds 2oF, then the rate of temperature change
should not exceed 4oFlhr. If the peak variation is less than 2oF, then there is no
restriction on the rate of temperature change.r

TECHNICAL APPROACH

An automated data acquisition system (DAS) can be implemenrcd in an occupied home to
monitor relevant environmental factors to determine the extent to which a ductless HVAC system
versus a conventional forced-air ducted HVAC system is capable of maintaining thermal comfort
conditions. Both systems will be in the same house. A second additional study can be

performed to make an operating cost comparison between the ductless system and the
conventional ducted system.

The basemont is to remain unconditioned throughout the test period and as such, only drybulb
temperature at heighs of 4 inches above floor, 43 inches above floor, and 67 inches above the
floor and humidity at 43 inches above the floor will be monitored at the center of room (COR).
These measurements can be used to compare heat loss from the ducted system into the basement
as well as to determine the unconditioned basement's impact on flrst-floor heat loss when a
ductless system is used.

Drybulb temperature, mean radiant temperature, and humidity will be monitored at strategic
locations on the flrst and second floors. Optimally, each would be measured COR in the living
room, dining room, and upstairs bedrooms; however, because the home is to be occupied, optimal
sensor probe positioning and operations protocol, such as door positioning, may need to be
compromised to allow minimal inconvenience to the occupants. As such, drybulb temperatures
at 4 inches, 43 inches, and 67 inches above the floor; humidity at 43 inches above the floor; and
mean radiant temperature at 43 inches above the floor will be measured COR in the living room
and at the top of the stairs on the second floor.

Air temperatures at each thermostat location will also be monitored to determine the perfornance
characteristics of the thermostats. A 43 inches, COR temperature will be monitored in each of
the three bedrooms. Additional measurements are disregarded in the bedrooms due to probable

a
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Appendix C: Thermal Comfort Testing

occupant interaction. Air temperature me,Isurements will also be made COR at 4 inches, 43
inches, and 67 inches above the floor in the dining room.

Outdoor temperature and solar radiation will be monitored and used in comparing the results of
the ductless and conventional HVAC system performance. On/off status of each heat pump will
be monitored to verify overall operating performance.

A fixed mean room-air velocity of 15 ftlmin will be assumed in calculating comfort indices.
Three reasons underlie the assumed room-air velocity rate. First, hot wire anemometers (used

for air velocity measurements) are delicate instruments that would likely be broken if placed in
an occupied zone. Second, hot-wire anemometers are uni-directional. Thfud, it is diff,rcult to
distinguish between air movement resulting from free and forced convection and that caused by
body movements.

Fixed clothing levels of 1.0 clo (representing typical indoor winter clothing levels) and 1.0 met
(seated, relaxed activity) will also be assumed in calculating comfort indices. A clothing level
of 0.5 clo will be used for typical indoor summer clothing levels.

Thermostat settings will be held at 72oF set points throughout all winter tests and at 75oF set

point throughout all summer tests and should not be adjusted by building occupants. Testing of
each system will alternate on a weekly basis. Each sensor will be scanned at one-minute
intervals with minimum, maximum, and average values recorded each hour.

Energy consumption for each system can also be monitored to compare operating costs for the
ductless and conventional systems. This would be done by monitoring line voltage and cunent
draw for the ductless units and by using a WATT-transducer to monitor energy consumption
associated with the conventional system. The ducfless system is designed for a zoned

configuration whereas the conventional system is a single-zone system. Since zoned systems

traditionally do a better job of maintaining a uniform t€mperature distribution throughout a
building and, by so doing, expel morc energy, a direct operating cost comparison may not be

totally accurate.
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MATERIAL LIST

Description

Thermistor Probes (22)

Humidity Senson (3)

Pyronameter (l)
[ronameter Mounting Bracket
Status Relays (4)
Power Supply (l)
3-Conductor Communication Wire
4-Conductor Communication Wire
Miscellaneous Brackets, Cables, S upplies, etc.
Data Logger and Peripherals
Modem Telephone Line Installation
Subtotal

Vendor

Campbell Scientific
Vaisala
Campbell Scientific
Campbell Scientific
Dayton
Campbell Scientific
Alpha
Alpha
Varied
Carpbell Scientific

Estimated Cost

$1,200
1,600

2t5
4
40

100

200
200
100

3,427
400

$7.526

$ 5s0
tq
2t0
45

Additional Materials for Energy Consumption Monioring:
Watt-Hour Transducer (l) Ohio Semitronics
Voltage Transducer (2) Ohio Semitronics
Current Transducer (3) Ohio Semitronics
Load Resistors (3) Ohio Semitronics
100

Subtotal

Total

$l.Ms

$8,572

o COORDINATION OF DAS INSTALLATION

A minimum of three site visits by a Research Center engineer will be required to complete the
DAS installation. The timing for each of these visits is described below.

First site visit. Immediately following electrical rough-in and before insulating house. The DAS
infrastructure will be put in place, after the electrician finishes rough-in to ensure that high-
voltage wires do not affect DAS wiring (i.e., noise interference on DAS lines and local codes).

Second site visit. After interior painting is completed. Termination and installation of DAS
microprocessor and sensors will be completed.

Third site visit. After occupants move in. Sensor probes will be put in place and the DAS
system start€d for monitoring.

The electrician will be responsible for providing a 120 Vn. duplex receptacle and a modem
telephone line to the DAS. If heat pump energy consumption is to be monitored, the electrician
will be responsible for coordinating the heat pump wiring through the Research Center's DAS
system. This will be a Ul-approved enclosure located alongside the existing breaker panel box.
Additional site visits by the Research Center engineer may be required to solve any unexpect€d
DAS problems that may occur during building construction or during the thermal comfort
analysis phase. During building occupancy, home owners will be responsible for activating/
deactivating heating systems on a weekly basis as directed by the Research Center engineer and

o

o
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for logging in a site log book provided by the Research Center major living pattern changes,
special events, or problems that may compromise the thermal comfort monitoring results.
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